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ABSTaACT 
In 1908, the cOIlllilercial catch of fish from the Illinois River \JaS 10% or 
total freshwater f ish production in the United States, and over 2,000 commercial 
fishermen worked the river. In 1973, the harvest \\las only 0.32% of the total 
U.S. harvest, and by 1976, only two full-time commercial fishermen worked the 
river. The decline is partially attributable to a die-off of fish food 
organisms, primarily fingernail clams, Musculium transversum, in 1955. Clams 
have not recolonized the river, although populations are available in 
tributaries, and the clams are capable of quickly repopulating an area because 
they can complete a life cycle in 33 days. 
Musculium transversum from the Mississippi River were killed by exposure 
for six weeks to raw Illinois River water in three bioassays conducted between 
June 1979 and November 1980. Treatment of raw water by filtration through sand, 
sand and clinoptilolite, or sand and carbon significantly improved survival, 
probably because: (1) all three treatments removed sediment, which contains 
unidentified toxic factors, (2) all three filter systems were probably colonized 
by nitrifying bacteria, which convert toxic un-ionized arnmonia to nontoxic 
nitrate, (3) clinoptilolite removes ammonia, and (4) activated carbon removes a 
variety of organic toxicants. 
An un-ionized ammonia concentration of .06 mg/l (as un-ionized alamonia 
nitrogen) killed approximately half the clams exposed for six weeks. Un-ionized 
ammonia concentrations greater than .06 mg/l occur regularly in several reaches 
of the Illinois River, and occurred at least once in the Keokuk Pool of the 
Mississippi River in both 1976 and 1980. Although amnlonia is probably not the 
only toxicant affecting fingernail clams in the Illinois lliver, it is clear that 
they cannot recolonize the river if ammonia levels remain this high. Fingernail 
clams are currently abundant in Keokuk Pool and serve as a food supply for 
bottom-feeding fishes comprising one of the most productive commercial fisheries 
in the entire upper t1ississippi River, but the peak population of fin/Sernail 
clams temporarily declined 80% in 1976-77. If flourishing populatiofls of 
fingernail clams are to be maintained in the t1ississippi River, ammonia 
concentrations should not be allowed to increase, and other factors affecting 
the clams should be identified and controlled. 
INTRODUCTION
 
In 1908, the value of the catch of freshwater fish from the Illinois River 
exceeded that of any other river in America (excluding rivers with anadromous 
fishes). The Illinois River catch was 10% of total freshwater fish production 
in the United States. The average annual yield of commercial fish from the 
Illinois River near Havana, Illinois was 178.4 Ibs/acre in 1908 (Richardson, 
1921a). Over 2,000 commercial fishermen found employment on the river in 1908 
(Department of Commerce and Labor, 1911:24, 34-41, 115). 
In 1976, only 2 full-time commercial fishermen worked on the Illinois 
River, and the 1973 harvest was only 0.32% of the total U.S. harvest of 
freshwater fish (Department of Commerce, 1976). There were several factors 
responsible for the decline of the commercial fishery. Economic factors were 
important. For example, at the turn of the century, there were many European 
immigrants to the United States who preferred carp (Cyprinus carpio) as a food. 
The descendants of these immigrants prefer other types of food, so the demand 
for carp has declined (Sullivan, 1971). 
However, if economic factors alone were responsible for decline in the 
freshwater commercial fishery, then similar declines should have occurred in all 
Midwestern rivers. Table 1 shows that the harvest of fish from. the Mississippi 
River has remained relatively constant since 1950, whereas the harvest from the 
Illinois River has declined drastically. The annual per-acre yield of fish from 
the Upper Mississippi River has actually increased slightly, while yield from 
the Illinois River is only a tenth of what it was in the 1950's: 
Upper Mississippi Ibs/acre Illinois Ibs/acre 
1953-62 
1973-77 
26.3 
29.2 
1950-59 
1973-80 
38.1 
3. 7 
(Source: Lubinski et al., 1981:40) 
The number of full-time commercial fishermen on the Mississippi River 
bordering Illinois declined by 73%, compared to a 98% decline on the Illinois 
River (Table 1). 
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Table	 1 
Summary of the Cornnercial Catch of Fish from the Illinois River 
and the Mississippi River Bordering Illinois, and the 
Number of Full-time Fishermen, 1960-1974 
Catch (in thousands of pounds) 
Year Illinois River Mississippi River 
1950 5760 2923 
1954 3430 2726 
1955 4006 3983 
1956 3218 3310 
1957 2791 3224 
1958 2871 4208 
1959 2639 4349 
1960 2260 4224 
1961 2215 3175 
1962 2205 3464 
1963 2240 3669 
1964 1581 3238 
1965 1449 3470 
1966 1624 3455 
1967 1869 2904 
1968 1522 2670 
1969 1911 2389 
1970 919 3178 
1971 1327 3041 
1972 655 3247 
1973 399 3610 
1974 571 3375 
1975 474 3371 
1976 433 2467 
1977 685 2371 
1978 511 2984 
1979 305 2593 
1980 518 2098 
Full-time Fishermen 
Illinois River Mississippi River 
106 122 
111 135 
96 125 
88 130 
105 133 
70 131 
61 137 
69 118 
65 115 
50 98 
48 76 
56 62 
44 78 
23 80 
43 75 
38 56 
30 48 
22 59 
9 54 
13 75 
13 79 
15 90 
1 51 
2 33 
11 47 
8 57 
3 35 
8 57 
Note:	 Host of the statistics were obtained from statistical digests published 
by the U.S. Department of Commerce. The 1972-1976 data and the number 
of full-time commercial fishermen on the two rivers were provided by 
Hr. Larry Dunham, Staff Fisheries Biologist, Special Pro jects, Illinois 
Department of Conservation. 1977-1980 data \vere provided by Hr. James 
S. Allen, Administrative Assistant, Division of Fish and Hildlife 
Resources, Illinois Department of Conservation. 
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Commercial fishenaen and market operators along the Illinois River were 
interviewed in 1977, as part of a project to assess long-term impacts on 
fisheries and wildlife resulting from the construction and operation of the 
nine-foot navigation channel (Bellrose et al., 1977:B8-B9). These interviews 
indicated there is a demand for fish along the Illinois River which currently 
cannot be met from the Illinois River fishery. For example, Dixon's Fish Market 
on Peoria Lake (a main stem lake on the Illinois River) purchases carp from 
Wisconsin for use in their fee fishing areas and channel catfish from fish farms 
in Arkansas for wholesale and retail trade. Mr. A. T. Nelson, who operates a 
market on the Illinois River at Pearl, buys salt-water fish and carp and buffalo 
from the Mississippi River. 
When market operators and commercial fishermen are asked why the markets do 
not buy fish from the Illinois River, the most frequent reply is that there are 
fewer large fish in the river than formerly,-and the remaining fish are in 
relatively poor condition. Most of the younger commercial fishermen along the 
Illinois River work only part-time at commercial fishing. They also use pickup 
trucks and trailerable boats to range widely over the states of Illinois and 
Iowa to take advantage of commercial fishing opportunities in reservoirs and in 
the Mississippi River. Although they live along the Illinois River, because 
their families grew up there, they report that their catches in the Illinois do 
not bring as great a return for their time, gasoline, and equipment expense, as 
their catches elsewhere. 
The loss of backwater habitat due to draining and sedimentation has 
affected the commercial fisheries in some sections of the river (Bellrose et 
al., 1977:Cl07-CI15). However the major drainage projects were completed in the 
1920's (Mills et al., 1966:5) yet the comrnerical fisheries in the Illinois River 
have continued a steady decline up to the present (Table 1). Drainage and 
leveeing were most extensive in the downstream third of the Illinois River, 
leaving little more than a main channel and side channels, yet the remaining 
commercial fishing became concentrated in this reach of the river because the 
carp were generally in better condition and laore marketable (Figure 1) and 
legal-size catfish were more abundant (Sparks, 1975: Table 21) than in other 
reaches. Habitat loss alone cannot explain the decline in che condition of 
commercially important species such as carp. 
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Figure L	 Condition Factor of Carp (Body Length Divided by Body Depth) in the 
Illinois River. 
A decline in the Slze and condition of commercial fish indicates a problem 
1n the food supply. Starrett (1972:151) studied the food habits of carp in the 
Illinois River in the 1960's and found that in the lower Illinois River 
fingernail clams comprised 50% of the volume of food items in carp stomachs, 
whereas in the middle and upper section of the river only one fingernail clam 
was found in all the sto~achs examined. Figure 1 shows that in 1963 the 
condition factor of carp was considerably better in the lower Illinois River 
than in the middle and upper sections. More recent data used in Figure 2 show 
that there was a good correlation between condition factor of carp and the total 
abundance of botto~ fauna in the Illinois River in 1975. Figure 1 demonstrated 
that there has been a general decline in the condition factor of carp in the 
whole Illinois River since 1963. 
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RELATIONSHIP BETWEEN CONDITION FACTOR OF CARP 
AND BOTTOM FAUNA IN THE ILLINOIS RIVER IN 1975 
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Figure 2.	 Correlation Between Condition Factor of Carp and Bottom Fauna in 
Illinois River. 
Prior to the 1950's the greatest harvest of commercial fish generally 
occurred along the middle section of the Illinois River near Havana, in areas 
where food organisms, such as fingernail clams, were most abundant (Richardson, 
1921a:462-465). Paloumpis and Starrett (1960) documented a die-off of fish food 
organisms in the Illinois River in the mid-1950's. Figure 3 shows that 
fingernail clams and mayflies were absent from the middle reach of the Illinois 
River in 1975, where they were formerly extremely abundant. Some unidentified 
factor apparently eliminated the fingernail clam and other benthic organisms 
from the middle section of the Illinois River, with a consequent effect on 
bottom-feeding species of fish, many of which are commercially important, such 
as carp, buffalo, and drum. 
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The same factor(s) responsible for the die-off of food organisms in the 
Illinois River may be present in other Hidwestern rivers. The Illinois Natural 
History Survey documented a 2-year decline (starting in the summer of 1976) in 
the abundance, growth rates, and reproduction of fingernail clams in Pool 19 of 
the l1ississippi River (Sparks, 1980), a pool that has historically ranked in the 
top ten of all the navigation pools on the upper Hississippi Kiver in terms of 
commercial fish production. Jude (1968:224) showed that fingernail clams were 
an important food for carp, gizzard shad, and smallmouth buffalo over most of 
the growing season in Pool 19. Black bullheads ingested large amounts in August 
and September (Ibid. :224) and fingernail clams were an important part of the 
diet of both small (Ibid. :102) and large (Ibid. :105) channel catfish. 
The same factor(s) responsible for the die-off of food organisms in the 
Illinois River in the mid-1950's might be responsible for recent declines in the 
growth, reproduction, and abundance of fingernail clams in Pool 19 in the 
t1ississippi River. In order to protect the commercial fishery on the 
Mississippi River, it is important to protect the food supply for the 
commercially important species of fish. If the commercial fishery of the 
Illinois River is to b~ restored to even a fraction of its former productivity, 
it is necessary to restore populations of food organisms. 
The objectives of the research described in this report were to answer the 
following questions: (1) Does the Illinois River presently contain toxic 
factors, which would prevent restoration of fingernail clam populations by 
natural recolonization or artificial stocking? (2) If factors toxic to 
fingernail clams are present, can the toxicity be removed by treatment? (3) Can 
the toxic factors be identified? 
Although Krull (1926), Thomas (1965), Gale (1969), and Imlay and Paige 
(1972) had cultured several species of fingernail clams using pond water, 
Mississippi River water or Lake Superior water, and Anderson et al. (1978) had 
maintained Musculium transversum in well water in our laboratory, we found that 
growth and reproduction rates of Musculium transversum were poor, in comparison 
to rates in Pool 19 (Gale, 1969). Hence, improvement of laboratory culture 
methods became a necessary fourth objective of our study. Although it would 
have been desirable to perfect culture methods first and then employ them in 
toxicity tests, methods were developed as testing proceeded because our time was 
limited. 
Tnree deletion bioassays, in which raw Illinois River water was 
continuously treated to remove certain components while effects on fingernail 
clam survival and growth were monitored, were completed and answered the first 
two questions affirmatively. 
Several addition bioassays, in which known concentrations of toxicants are 
added to clean water, were to have been used to identify substances toxic to 
Musculium transversum, but there was only enough time to complete one test. 
Selection of one toxicant for testing was based on previous work by Anderson et 
al. (1978) who reported that ammonia, lead, fluoride, and methylene blue active 
substances (including detergents) generally occurred at higher concentrations in 
the Illinois River than in the r1ississippi. Dissolved oxygen levels were 
generally lower in the Illinois (Anderson et al., 1978). The lower dissolved 
oxygen levels could be linked to the higher ammonia levels, because nitrifying 
bacteria in \Yater utilize dissolved oxygen as they convert ammonia to nitrate. 
Anderson et al. (1978) also showed that arnnonia was toxic to intact fingernail 
clams and to isolated clam gills, and that the gills were more sensitive to 
ammonia when the dissolved oxygen was low or when the clams had been previously 
exposed to low concentrations of ammonia. We selected ammonia because it seemed 
a likely contributor to toxicity in the Illinois River and because the results 
of Anderson et al. (1978) needed to be confirmed. 
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HETHODS
 
COLLECTION OF FINGERNAIL CLAMS 
Fingernail clams were collected from Keokuk Pool (Pool 19) of the 
Mississippi River using an l8-foot boat equipped with a crane and Ponar grab 
sampler. The samples were partially washed by pressure-sieving the bottom 
material through a 30-mesh screen with a l2-volt battery-operated water pump. 
The clams and a portion of sediment not washed through the screen were 
transported to the laboratory at Havana, Illinois in 37-liter plastic coolers 
equipped with aerators and partially filled with Mississippi River water. 
All clams collected on a particular date were regarded as a single "stock", 
and were maintained separately from stocks obtained on other dates. Each stock 
was assigned an identification number in order according to date. 
CULTURE TECHNIQUES 
Clams collected during the winter were kept overnight in the transport 
cooler, with aeration, to acclimate them to the temperature of the laboratory. 
When the difference in water temperature between the cooler and the aquarium was 
less than 3° C, the clams were transferred. Clams collected at other times of 
the year, when water temperatures in the 1'1ississippi River and in the laboratory 
were approximately the same, were transferred from the transport cooler to 
aquaria immediately upon arrival at the laboratory. The aquaria received well 
water from a small diluter modified from the design of Mount and Brungs (1967). 
Water temperatures and dissolved oxygen concentrations were measured five times 
a week, pH two or three times a week, and alkalinity once a week, and are 
reported in Table 2. 
At the beginning of this project, the clams were fed a suspension of 
powdered fish food and plant material described by Biesinger and Christensen 
(1972), delivered to the stock aquaria by pipette twice daily. l~wever, the 
growth of the clams was poor. Starting with stock number 7, the clams were fed 
a concentrated suspension of the green alga Scenedesmus quadricauda, which is 
abundant in Keokuk Pool. TIle alga was batch cultured in flasks on a staggered 
TABLE 2 
Hater Chemistry and Temperature in Stock Tanks 
Dissolved Oxygen Total Alkalinity 
Stock Co 11ection Temperature (G) pH (Mg /1) (Mg/1 as CaG03) 
Number Date Mean Range Mean Range Mean Range Mean Range 
1 04/21/78 16.2 14.6-17.7 8.00 7.94-8.08 8.50 8.32-9.45 220.0 220 
2 05/17/78 113.2 17.1-19.8 7.98 7.92-8.01 8.17 5.10-9.00 220.9 213-230 
3 06/23/78 20.8 18.8-23.1 8.06 7.87-8.18 7.94 5.78-8.62 214.0 204-226 
4 09/06/78 21.4 19.9-22.0 8.06 7.74-8.17 7.64 3.99-8.76 171.4 152-196 
5 10/17/78 21.5 20.5-22.0 7.89 7.69-8.00 7.39 6.40-8.10 150.0 148-152 
6 11/9/78 21.1 18.3-22.5 8.05 8.01-8.14 7.98 7.20-8.98 147.0 146-148 
7 06/04/79 20.6 18.1-22.7 7.85 7.35-8.01 6.88 *1. 20-8. 60 161.0 152-170 
8 06/21/79 21.1 18.8-23.1 8.16 8.11-8.18 7.90 7.51-8.31 167.3 156-176 
9 10/23/79 19.6 16.1-21.2 7.98 7.78-8.08 8.15 7.42-9.08 139.2 116-14/+ 
10 01/03/80 20.8 18.3-22.1 7.99 7.89-8.07 8.87 8.28-9.49 154.2 152-158 
11 03/20/80 21. 7 20.0-24.1 8.26 8.05-8.48 8.47 8.05-8.91 156.0 11+6-164 
12 06/12/80 23.8 19.7-26.9 8.38 8.34-8.40 7.95 7.50-9.01 191.5 172-20/+ 
13 08/26/80 22.0 19.3-26.5 8.25 8.01-8.42 8.28 7.55-8.82 198.1 172-227 
14 09/16/80 21.0 19.3-26.5 8.22 8.10-8.40 8.47 7.60-8.82 20'3.2 172-227 
15 10/29/80 21. 9 19.1-23.7 8.06 7.98-8.31 8.38 7.81-9.31 211.1 184-246 
I-' 
0 
*E1ectrical failure on 10 June 1979 shut off diluter causing low D.O. reading. 
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basis, so that a flask containing a maximum density of algal cells was available 
every two-three days. The algal suspension was delivered to stocks 7 and 8 by 
pipette twice daily, but high densities of the alga could not be maintained in 
the stock aquaria. Starting with stock 9, the algal suspension was delivered to 
the aquaria automatically every 5 minutes, by a system incorporated in the 
diluter. 
Monitoring Stock Survival and Growth 
Within a few days after being collected, duplicate groups of 20 clams were 
removed from the sediment in the stock aquaria and placed in 100-mm petri 
dishes. The dishes were covered with plastic snap-on lids in which a 50-mm hole 
was cut to allow circulation of water. The holes were subsequently covered with 
30-mesh nylon screen, after we discovered that small clams (2-4 mm in shell 
length) could climb the sides of the dish, along the underside of the plastic 
cover, and exit the hole. The petri dishes were placed back in the stock 
aquaria, and the growth and survival of the clams were measured after two and 
four weeks. The purpose of the monitoring was to determine whether the clams 
showed a seasonal dormancy and to prevent use of unhealthy or dormant stocks in 
the bioassays. 
Growth was determined by measuring the maximum length of the shell to the 
nearest 0.1 mm with an ocular micrometer. When clams died, their valves gaped 
because the elastic hinge ligament was no longer opposed by the adductor 
muscles. 
Clams maintained in bare petri dishes did not survive well. Benjamin and 
Burley (1978) have indicated that fingernail clams may be detritus feeders. 
Starting with stock number 6, the sediment from the l1ississippi Kiver which was 
brought back to the laboratory in the cooler was sieved through a 30-mesh screen 
to remove predators, such as leeches, and stored in unch10rinated well water at 
room temperature. Starting with stock 12, the sediment ~vas refrigerated at 2° 
C. The improved growth of the clams seemed to last only about two weeks, so the 
sediment was replaced when the growth and survival of the clams was checked 
every two weeks. 
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Gale (1972:22) suggested that the decomposing remains of dead clams 
inhibit the growth of live clams kept in the same container. Starting \vith 
stock 11, petri dishes containing clams and sieved sediment were placed in bare 
aquaria containing no other clams or sediment. Dead clams or shells were 
removed from the petri dishes when they were checked every two weeks. 
Clam-Sediment Interactions 
Musculium transversum in the Mississippi River probably spends most of its 
life in perpetual darkness. The observed beneficial effect of sediment on clam 
growth might be partially attributable to shielding from light, as well as to 
the nutritional content of the sediment. Two experiments were performed to 
determine whether either one of these hypotheses was correct. 
In the first experiment, light was excluded from some test chambers by 
covering them with a dark canvas tarp. Clams on a light-dark cycle were exposed 
to overhead incandescent laboratory lights during the working day (8 a.m. to 5 
p.m.) and natural daylight from north and west windows on the sides of the 
building. 
The second experiment was designed to determine whether the microbial flora 
of sediments in the petri dishes was altered by the presence of 20 fingernail 
clams kept in the dishes for intervals of one to five weeks. Every week, for 
five weeks, fresh sediment samples from the Mississippi River were placed in 
petri dishes to which 20 clams were added. At the end of the experilnent, the 
clams were removed, and the dishes covered with clean lids and transported in an 
ice chest to Dr. Robert Gorden in the Hicrobial Ecology Laboratory of the 
Natural History Survey in Champaign, Illinois. Samples were stored under 
refrigeration until laboratory processing. 
One gram of sediment (wet weight) from each petri dish was placed in a 
separate container of buffer solution and serial dilutions made using pour plate 
procedures. Duplicate plates of each dilution of each sample were made and 
incubated at 30° C for 7-10 days. Plates were counted using a dissecting 
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microscope. Colony generating units CCGU) were determined on the basis of 
colony color and morphology. Dominant CGU were those present in greatest 
numbers in the plates containing significant CGU. Total CGU were al.so 
determined. 
DELETION BIOASSAYS 
Figure 4 shows how raw Illinois River water was treated to remove certain 
components, hence these tests are called deletion bioassays. The clams exposed 
to raw, unfiltered river water and sediment in test chamber number 1 were used 
to determine whether Illinois River water contains factors toxic to fingernail 
clams. The treatments are the type that can be used in industrial or municipal 
waste treatment plants. The treatments could also be used to determine in a 
crude way, the nature of the toxicants and whether they occurred in the water or 
suspended sediment, hence the deletion bioassays contributed to the goal of 
identifying the toxicants, although deletion assays alone could not provide 
precise chemical identification. 
EXPERIMENTAL DESIGN: DELETION BIOASSAYS 
CLAM TEST CHAMBER 
No. 1 
~
 CHARCOAL FILTER CLAM TEST CHAMBER 
No. 2RAvl '--/
I LLl NOI S 
RIVER ~SAND FILTER , CLAM TEST CHAMBER I No. 3WATER ~ 
& SEDI'1ENT ~ ~ CLAM TEST CHAMBER 
No. 4 
CLl NOPTI LOLlIE 
'::::J 
·1 CLAM TEST CHAMBER ICLEAN WELL WATER No. 5 
Figure 4. Schematic Diagram of Deletion Bioassay. 
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For example, if the survival of fingernail clams were enhanced by sand 
filtration, toxicity is associated with sediment. If sand filtration plus 
filtration through clinoptilolite, which removes ammonia, increased clam 
survival, then ammonia is suspect. Activated carbon removes a broad spectrum of 
organic toxicants, including chlorinated hydrocarbons (such as dieldrin, DDT, 
and PCBs), organophosphates, and polycyclic aromatic hydrocarbons (Bernadin and 
Froelich, 1975), but was not expected to remove ammonia. 
While the clinoptilolite we used (Anaconda Copper Company Zeolite lOlOA) is 
produced specifically for ammonia removal, it probably also absorbed potassium 
(Kugelman, 1972 and Ames, 1967) and some chlorinated hydrocarbons. 
A submersible sewage pump delivered raw Illinois River water and sediment 
to a 208-liter polyethylene drum containing a float switch. Whenever water in 
the reservoir fell below a set point, the submersible pump switched on. When 
the reservoir was full, the pump switched off, and the back flow of water in the 
pipe purged debris from the impeller and intake screen of the pump. Tae pump 
was capable of grinding up and passing 3.8-cm solids, but the protective intake 
screen was approximately l-cm mesh. A small pump circulated the water in the 
reservoir, to keep the sediments from settling out, and supplied a head box 
which delivered water by gravity flow to the test chambers and treatment 
systems. All parts of the delivery water system were made out of nontoxic 
materials, including glass, polyethylene, teflon, nylon, stainless steel, and 
Buna-N elastomers. Analyses by atolilic absorption and flame emission 
spectroscopy showed no differences in metal concentrations between water samples 
taken simultaneously at the intake and in the reservoir in the laboratory. 
Sand-filtered water was delivered to the charcoal Eilter and the clino 
filter to prevent rapid clogging of these expensive media with sediment. 
Unchlorinated well water was delivered to a test chamber, to serve as a control. 
The filters were made from plastic garbage cans. The outlet at the bottom of 
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each garbage can was covered with plastic screen and a pad of fiberglass in the 
bottom of the can kept the media from plugging the outlet. Sand, charcoal, or 
clino was added next, and covered with another pad of fiberglass which could be 
removed easily and washed. Water flowed by gravity from the constant head box 
to the sand filter, then to the other filters or test chambers. 
The test chambers were 37.8-liter glass aquaria with outlets to maintain 
the volume at 23 liters, and were immersed in a water bath to control water 
temperature. Water flow from the deletion apparatus into the test chambers was 
approximately 100 ml per minute and was checked 3 times a day. Sediment 
occasionally clogged the delivery tubes overnight, but because of the large 
volume of the test chambers in relation to the small size and oxygen 
requirements of the clams, oxygen levels in the test chambers did not decline. 
The maximum length of time the flows could have stopped was 12 hours, and we do 
not feel that these infrequent stoppages had any effects on the results of our 
deletion bioassays, which lasted 3-6 weeks. 
During deletion bioassay number 1, a 50-ml pipette was used to deliver the 
concentrated algal suspension to each test chamber twice a day. However, high 
concentrations of algae could not be maintained in the test chambers with 
pipette feeding. An automatic feeding system (separate from the one used on the 
stock aquaria) delivered 100 ml of algal suspension to each test chamber every 5 
minutes during deletion bioassay numbers 2 and 3. Algal concentrations were 
measured by procedures described in Standard Hethods (American Public Health 
Association, 1976:1024-26). 
Clams from stocks number 8 (collected 21 June 1979), 11 (collected 20 Harch 
1980), and 14 (16 September 1980) were used in deletion bioassays 1, 2, and 3, 
respectively. The procedures were the same as in the culture tests: (1) each 
test chamber held 2 petri dishes containing 20 clams each (for a total of 40 
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clams exposed to each test solution), (2) the clams were 2.4 to 3.0-mm in shell 
length, (3) clam survival and growth were checked at 2-week intervals, and (4) 
sieved sediment collected from the t1ississippi River on the same date the clams 
were collected was added to the petri dishes at the beginning of the bioassay 
and at 2-week intervals thereafter. 
Hater temperatures and dissolved oxygen concentrations in the test chambers 
were measured 5 times a week, pH 2 or 3 times per week, and alkalinity once a 
week. Results are reported in Tables 6, 8, and 10. Water levels on a gage at 
Havana were recorded during all deletion bioassays and are plotted in Figure 6. 
Unionized ammonia levels in river water and in water subjected to the various 
treatments were determined in deletion bioassay 3. The total all1.ffionia nitrogen 
levels were measured by the phenate method (American Public Health Association, 
1976), and the percent of the total ammonia occurring in the toxic, un-ionized 
form at the pH and temperature in the test chambers was obtained from tables 
(Thurston et al., 1979). Turbidity was removed by positive pressure filtration 
of the water samples through Whatman 42 filter paper. On 24 October and 5 
November 1980, duplicate water samples were analyzed by the phenate method and 
by a Technicon CSM-6 Auto Analyzer (Technicon, 1971). 
Variance tests (Snedecor and Cochran, 19b?) were used to determine whether 
there were significant differences in clam mortality between treatments. 
l10rtalities in duplicate petri dishes within each test chamber were pooled. An 
analysis of variance, ANOVA (Steel and Torrie, 1960), was used to deterluine 
whether there were significant differences in shell lengths of clams exposed to 
the different test solutions and the clean well water. If the mortality in a 
tes t solution was significantly different from mortality in the wefl \vater 
control, the length data were not analyzed, because of the possibility that 
mortality was size-dependent. If, for example, the rate of uptake and effect of 
a toxic substance in the river water depended on the body volume or gill surface 
area of a clam, mortality would be size-dependent, and size differences between 
clams exposed to the various treatments and the well water would reflect 
differential mortality rather tllan differential ~rowth. All differences were 
considered si6nificant at a probability, P~.05. 
17 
M~10NIA ADDITION BIOASSAY 
A modified proportional diluter (Mount and Brungs, 1967) was used to 
deliver a logarithmic series of test solutions to five aquaria and unchlorinated 
well water alone to the control aquaria. Clams were obtained from stock number 
15, collected from Pool 19 on 29 October 1980. Two 100-mm petri dishes, 
containing 20 clams each, were exposed to each of the five ammonia 
concentrations and to the well water containing no added ammonia. The aquaria 
and the procedures for measuring survival and growth were the same used in the 
deletion bioassays. 
The clams were maintained in Mississippi silt collected with stock 15. The 
silt was replaced every two weeks with refrigerated silt that was warmed to room 
temperature. An algal suspension was added automatically to the test chambers 
by the same apparatus described in the deletion bioassay section. 
Un-ionized ammonia levels in the test aquaria were determined using the 
same procedure described for the deletion bioassays, except that the water 
samples did not have to be filtered because the well water was clear. Water 
temperature, dissolved oxygen, and pH were measured five times a week and total 
alkalinity once a week. Free carbon dioxide concentrations were calculated from 
the pH and alkalinity, using the method of Lind (1974). 
During preliminary testing of ammonia, we found that increasing 
concentrations of NH4Cl reduced the pH of the test solutions, thereby reducing 
the percent un-ionized ammonia (Thurston et al., 1979). NaOH was subsequently 
added in proportion to the concentration of NH4Cl by a" second metering system 
on the diluter. TIle NaOH illetering system was calibrated to deliver 4 ml of NaOH 
solution which varied in concentration between 0.025 Hand 0.125 M depending on 
the pH of the test chambers. Despite the NaOH addition, ammonia concentrations 
declined in the test chambers during preliminary experiments, because of the 
build-up of a bacterial slime in the metering system and test chambers which 
converted ammonia to nitrate. The bacteria also remove biocarbonate from the 
18 
water during oxidation of the ammonia: 
+ -NH + nlC0 + 202 + N0 + 2CO +3H O (Salvador and O'Brien, 1976)4 3 3 Z Z
TIle removal of bicarbonate decreases the pH, which in turn decreases the amount 
of ammonia present in the un-ionized form. TIle entire testing system was 
cleaned once a week to remove the bacterial slime, which reduced the variance in 
un-ionized ammonia concentration sufficiently so that the mean concentrations in 
adjacent test chambers were significantly different, although the ranges did 
overlap. 
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RESULTS
 
CULTURE TECHNIQUES 
Water chemistry and temperature in the stock aquaria are given in Table 2. 
Clam Mortality 
Addition of Mississippi silt to the petri dishes, starting with stock 6, 
improved clam survival (Figure 5 and Table 3). Benjamin and Burley (1978:60) 
indicated that deposit feeding may be an important source of nutrition in 
fingernail clams. We observed that clams kept in bare petri dishes usually 
developed a cottony growth of fouling organisms, probably fungi and bacteria, on 
their shells, which may have interfered with siphoning. Clams maintained in 
silt kept their shells clean by burrowing. 
The beneficial effect of sediment was not simply due to shielding from 
light. Clams exposed to timer-controlled light/dark cycles or exposed to 
indirect natural light survived and grew as well as, or better than, clams 
maintained in perpetual darkness. For example, Table 4 shows no significant 
difference between survival of clams in perpetual darkness versus those in a 
light/dark cycle after four weeks. In a second test (Table 4) clams maintained 
in total darkness did not survive two weeks and clams exposed to the light/dark 
cycle had the fastest growth rate of any clams in these tests. 
The confidence limits for stock 7 (Figure 5) are much wider than for the 
other stocks, because of the small initial sample size (20 clams in stock 7, 40 
in the others), necessitated by the paucity of small clams in the bottom samples 
obtained from the Mississippi River on 4 June 1979. The high mortality (100%) 
in stock 8 between the 2-week and 4-week check was caused by stoppage of water 
flow and aeration during a power failure. 
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Figure 5.	 Stock Clam Mortality at Two Weeks and Four Weeks. Brackets indicate 
95% confidence limits. aRiver silt added; bAlgae added automati­
cally every five minutes; CAlgae added by pipette twice a day. 
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TABLE 3 
Growth and Survival of Stocks of Fingernail Clams 
No. 
Alive 
Mean 
She 11 
Lenoth 
(rrnli) Var i ance 
Stand ard 
Devi ation 
Range 
(mm) 
Mean 
Growth 
Increment 
(mm) 
Stock 1 
Collected 04/21/78 
Initial 
2 Weeks 
4 Weeks 
40 
33 
25 
2.2 
2.3 
2.4 
0.00 
0.05 
0.07 
0.04 
0.23 
0.27 
1.. 8-2.5 
1.9-2.8 
2.0-2.8 
O. 1 
O. 1 
Stock 2 
Collected 05/17/78 
Initial 
2 Weeks 
4 Weeks 
40 
13 
10 
2. 1 
2.4 
2.5 
0.00 
0.02 
0.02 
0.01 
0.15 
0.15 
2.0-2.4 
2.1'-2.6 
2.2-2.7 
0.3 
O. 1 
Stock 3 
Collected 06/23/78 
Initial 
2 Weeks 
4 Weeks 
40 
8 
7 
3.7 
3.5 
3.5 
0.00 
0.01 
0.00 
0.05 
0.11 
0.06 
3.3-4. 1 
3.3-3.7 
3.4-3.6 
Stock 4 
Collected 09/06/78 
Initial 
2 Weeks 
4 Weeks 
40 
16 
15 
3.5 
3.5 
J.6 
0.04 
0.04 
O. 14 
0.19 
0.21 
0.12 
3.1-3.9 
3.2-3.9 
3.4-3.8 0.1 
Stock 5 
Collected 10/17/78 
Initial 
2 Weeks 
·4 Weeks 
40 
24 
a 
2. 1 
2.2 
0.01 
0.01 
0.08 
0.10 
2.0-2.3 
2.0-2.4 
-------
O. 1 
Stock 6 
Collected 11/09/78 
Initial 
2 Weeks 
4 Weeks 
40 
38 
23 
2.3 
2.3 
2.4 
001 
0.02 
0.00 
0.09 
O. 13 
0.01 
2.1-2.4 
2.2-2.6 
2.2-2.6 O. 1 
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TABLE 3 (continued)
 
Growth and Survival of Stocks of Fingernail Clams
 
No. 
Alive 
Hean 
Shell 
Length 
(mm) Variance 
Standard 
Deviation 
Range 
(mm) 
i-lean 
Growth 
Increment 
(mm) 
Stock 7a 
Collected 06/04/79 
Initial 
2 \-leeks 
4 Heeks 
20 
13 
10 
2.5 
2.7 
2.7 
0.04 
0.06 
0.05 
0.20 
0.24 
0.22 
2.2-2.9 
2.2-3.0 
2.2-3.0 
0.2 
Stock 8a ,c 
Collected 06/21/79 
Initial 
2 \-leeks 
4 Heeks 
30 
32 
2.7 
2.8 
0.02 
0.01 
0.14 
0.07 
2.4-2.9 
2.6-2.9 
------­
0.1 
Stock 9a, b 
Collected 10/12/79 
Initial 
2 \-leeks 
4 Heeks 
40 
38 
34 
2.5 
2.6 
2.6 
0.01 
0.01 
0.02 
0.11 
0.11 
0.15 
2.3-2. 7 
2.4- 2.8 
2.4-2.9 
0.1 
Stock loa,b 
Collected 01/03/81 
Initial 
2 Heeks 
4 Heeks 
40 
39 
39 
2.6 
2.8 
2.8 
0.02 
0.06 
0.07 
0.16 
0.24 
0.26 
2.4-3.1 
2.5-3.6 
2.5-3.6 
0.2 
Stock lla,b 
Collected 03/20/80 
Initial 
2 \-leeks 
4 Heeks 
40 
40 
38 
2.4 
2.7 
2.7 
0.01 
0.03 
0.03 
0.08 
0.16 
0.16 
2.3-2.6 
2.4-3.0 
2.4-3.0 
0.3 
Stock 12a ,b 
Collected 06/12/80 
Initial 
2 Heeks 
4 t-leeks 
40 
30 
28 
2.9 
2.9 
2.9 
O.Ul 
0.01 
0.01 
0.10 
0.12 
0.11 
2.7-3.1 
2.7-3.1 
2.7-3.2 
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TABLE 3 (concluded)
 
Growth and Survival of Stocks of Fingernail Clams
 
Mean Hean 
Shell Growth 
No. Length Standard l~nge Increment 
Alive (mm) Variance Deviation (mm) (mm) 
Stock13a ,b 
Collected 08/26/80 
Initial 40 1.8 0.01 O. 08 1. 7-2. 0 
2 \~eeks 36 2.0 0.04 0.20 1. 8-2.1 0.2 
4 Weeks 30 2.0 0.01 0.09 1. 9-2.2 
Stock 14a ,b 
Collected 09/16/80 
Initial 40 1.8 0.01 0.07 1. 7-2. 0 
2 \~eeks 33 2.0 0.02 0.13 1.8-2.2 0.2 
4 Weeks 33 2.1 0.02 0.14 1. 8-2.4 0.1 
Stock lSa,b 
Collected 10/29/80 
Initial 40 2.0 0.01 0.11 1. 8-2. 2 
2 Weeks 37 2.1 0.01 0.11 1. 8-2. 3 0.1 
4 Weeks 36 2.1 0.01 0.10 1. 9-2.3 
aMississippi River silt added every two weeks 
bAlgae	 added automatically every five minutes 
CA1gae	 added by pipette twice a day. 
Note:	 Clams in Stock 8 suffered 100% mortality between the 2-week and 4-week check 
when water flow and aeration stopped during a power failure. 
TABLE 4
 
Effects of Light Regime and Mississippi River Sediment on Survival and Growth of Fingernail Clams
 
No. 
Alive 
No. 
Missing 
Mean 
Shell 
Length 
(mm) Variance 
Standard 
Deviation 
Range 
(mm) 
Mean 
Growth 
Increment 
(mm) 
Tes t No. 1 
Light/Dark Cycle 
Hith Silt 
-
Initial 
2 \-leeks 
4 \~eeks 
20 
IS 
_.-IS" 
-­
-­
-­
2.2 
2.2 
2.4 
0.04 
0.06 
0.09 
0.21 
0.25 
0.30 
1.8-2.5 
1. 9- 2.6 
2.0-3.0 0.2 
Li~lt/Dark Cycle 
No Silt
---
Initial 
2 ~veeks 
4 Heeks 
20 
14 
78 
* 
-­
3 
-­
2.2 
2 .L~ 
2.3 
0.04 
0.04 
0.03 
0.19 
0.21 
0.18 
1.8-2.5 
2.0-2.8 
2.1-2.6 
0.2 
Test No. 2 
Ligh t/Dark Cycle 
No Silt
--
Initial 
2 Weeks 
4 \-leeks 
80 
4!+b
ok 
40 
-­
5 
1 
3.3 
3.4 
3.6c 
* 
0.07 
0.08 
0.03 
0.27 
0.29 
0.17 
2.4-4.0 
2.8-4.0 
3.3-4.0 
0.1 
0.2 
tv 
.J::' 
~ 
TABLE 4 (continued) 
Effects of Light Regime and Mississippi River Sediment on Survival and Growth of Fingernail Clams 
No. 
Alive 
No. 
Hissing 
Mean 
Shell 
Length 
(nun) Variance 
Standard 
Deviation 
Range 
(nun) 
Mean 
Growth 
Increment 
(nun) 
Darkness 
No Silt
--
Initial 
2 Heeks 
4 Weeks 
80 
66~( 
57 
-­
-­
1 
3.3 
3.3 
3.5* 
0.08 
0.09 
0.03 
0.29 
0.29 
r).17 
2.8-4.0 
2.9-4.0 
3.2-4.0 0.2 
Test No. 3 
Light/Dark Cycle 
With Silt 
Initial 
2 Weeks 
4 Weeks 
40 
37* 
35 
-­
-­
1 
2.3 
3.1 
3.5 
0.01 
0.19 
0.35 
0.10 
0.43 
0.59 
2.1-2.5 
2.2-3.7 
2.3-4.4 
0.8 
0.4 
Darkness 
With silt 
Initial 
2 Heeks 
4 Weeks 
40 
0 
-­
-­
-­
-­
2.3 
--­
--­
0.01 
---­
---­
0.12 
---­
---­
2.1-2.6 
------­
------­
--- N 
\Jl 
--
--
TABLE 4 (concluded) 
Effects of Light Regime and Mississippi River Sediment on Survival and Growth of Fingernail Clams 
Mean Mean 
Shell Gro\vth 
No. No. Length Standard Range Increment 
Alive Hissing (mm) Variance Deviation (mm) (mm) 
Light/Dark Cycle 
No Silt
Initial 40 -- 2.3 0.01 0.10 2.0-2.4 
2 \-leeks 2ld -- 3.0 0.17 0.41 2.3-3.7 0.7 
4 \-leeks 4* -- 3.1 0.10 0.32 2.5-3.3 0.1 
Darkness
 
No Silt

Initial 40 -- 2.3 0.01 0.12 2.1-2.5
 
2 \-leeks 0 -- --- ---- ---- ------­
4 Heeks -- -- --- ---- ---- ------­
*Indicates groups which showed significantly different responses to culture conditions within tests.
 
aSignificantly (P~.05) greater mortality than group with silt, at 4 weeks.
 
bSignificantly greater mortality than group in darkness, at 2 weeks.
 
CSignificantly greater shell length than group in darkness, at 4 weeks.
 
dSignificantly greater mortality than clams in light/dark cycle, with silt, at 2 weeks. N
 
(J'\ 
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The automatic feeding of algal suspensions, starting with stock 9, further 
improved survival (Figure 5). Musculium transversum ingest a wide variety of 
algae in the Mississippi River, most of which pass through the digestive tract 
intact (Gale and Lowe, 1971:511). Clams may derive nourishment from the 
bacterial growth and other organic matter coating the algae. Stock 8, which 
exhibited slightly poorer survival at two weeks than stocks 9-15, was fed algae 
twice a day with a 50 ml pipette. 
Clam Growth 
Although stocks 7-1l and 13-15 grew during the first two weeks in the 
laboratory, all but stock 14 failed to grow during the next two week period 
after the original silt was replaced (Table 3).· Gale (1972:22) has suggested 
that the tactile stimulation associated with the observation and measurement of 
Musculium transversum in the lab may elicit a resting state (no growth) in the 
clams. Thomas (1965) reported that another sphaeriid clam (Sphaerium 
partumieum) frequently exhibited a resting state lasting up to 6 weeks when 
reared in the laboratory. Gale (1972:22) also felt that the presence of the 
decomp.osing remains of parental stock in clam growth chambers may have been a 
factor inducing a resting state. However, Imlay and Paige (1972:211, 213, 214) 
reported that the unidentified species of Musculium they used grew 
satisfactorily in lab tests where the clams were removed periodically for 
measuring. In addition, Imlay and Paige (1972) felt that the clams were feeding 
on bacteria from the decomposing food they placed in the test chambers. Clam 
stocks 1-10 were maintained in petri dishes that were placed in stock aquaria 
which contained the remainder of that particular stock collection. These clams 
were, therefore, exposed to the decomposing remains of clams in that stock. 
Clams from stock 11, placed in an aquarium not containing other clams, responded 
with the fastest growth of any stock group for the first 2 weeks (Table 3). 
These clams, however, failed to grow after the 2-week check when the original 
silt was replaced. 
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Although the silt collected from the Mississippi River with stocks 12-15 
was refrigerated at 2° C during storage, the growth rates of these clams were 
not improved over previous stocks maintained with silt stored at room 
temperature (Table 3). 
Among clams maintained under similar culture conditions in the laboratory 
(stocks 9-15), there was no evidence that stocks taken during winter dormancy 
had poorer survival in the laboratory than stocks taken at other times of year. 
Clam-Sediment Interactions 
Table 5 compares microbial populations in sediments froln Pool 19 which were 
kept in the laboratory for 0-5 weeks with and without fingernail clams. 
Comparisons were also made between sediments from Quiver Lake, a portion of the 
Illinois River where fingernail clams have died out, and sediments from Pool 19, 
where clams flourish. The following conclusions can be drawn from Table 5: 
(1)	 Colony-generating bacteria of type BC were dominant only in Quiver 
Lake sediment. 
(2)	 The total number of colony-generating units (CGU) was an order of 
magnitude smaller in Quiver Lake sediment than in Mississippi River 
sediment. 
(3)	 Type YD is absent from fresh Mississippi River and Illinois River 
sediment, frequently dominant or co-dominant in sediments containing 
clams, and less frequently dominant in sediments without clams. 
The significance of these findings is obscure, without additional 
experiments to determine whether bacterial populations and clams are merely 
responding independently to the same factors, or whether bacteria are an 
intermediate link in a cause-effect pathway between sediment and clams. In 
particular, it is not clear whether clams affect bacteria by burrowing and 
perhaps ingesting sediment, or whether bacteria affect clams, by serving as a 
food supply, forming toxins, or causing disease. 
---
TABLE 5
 
Microbial Analysis of Sediments from Pool 19, Mississippi River, Maintained
 
0.5 Weeks in 100~m Petri Dishes With and Without Fingernail Clams 
With 20 Fingernail Clams 
Age of No. a Dominant No. of Clams 
Sample Sample CGU Hicrobial Surviving 
No. (Weeks) x 106 Groups 2 wk 4 \'1k 
1 5 8.1 WD,YD 20 20 
3 4 8.1 YD,WD,Y 14 14 
5 3 1.6 WD,YD,OD,W,Y 17 
7 2 6.6 WD,YD 19 
9 1 8.6 YD, \<7D 
aCGU = Colony generating units. Values are Ineans of two repiicate counts. 
bMud sample from Quiver Lake, Illinois River, where fingernail clams were 
prior to the 1955 die-off. 
Sample 
No. 
2 
4 
6 
8 
10 
11 
12b 
abundant 
Without Fingernail Clams 
Age of No .a Dominant 
Sample CGU Hicrobia1 
(Weeks) x 106 groups 
5 0.8 WD,W,YD 
l~ 5.2 WD,W, YD 
3 3.6 WD,W,YD 
2 5.5 WD,YD 
1 4.2 WD,YD 
0 3.3 WD,CL,W 
0 0.3 WD,W,BC 
N 
\0 
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DELETION BIOASSAYS 
Deletion Bioassay Number 1 
Deletion bioassay number 1 started on 29 June 1979. Water levels ~n the 
Illinois River during the bioassay are shown in Figure 6 and the water chemistry 
and temperature in Table 6. The test terminated prernaturely on 7 August 1979 
when a pump delivering well water to the control chamber failed and could not be 
repaired or replaced immediately. 
Figure 6. Water Levels ~n the Illtnois River Durinf, Deletion Bioassays 1, 2, 
and 3. 
TABLE 6
 
Water Chemistry and Temperature During Deletion Bioassay No. 1
 
Dissolved Oxygen To tal A1 ka1in i t Y 
Test Temperature (C) pH (Mg/1 ) (Mg/1 as CaCo3) 
Conditions Mean Range Mean Range Hean Range Hean Range 
Control (well water) 22.7 20.8-25.7 8.05 7.99-8.12 8.35 7.82-8.62 168.1 148-194 
Sand + C1inopti101ite 23.6 21. 7-26.0 8.27 8.17-8.36 7.31 6.97-7.69 158.8 126-176 
Filtered 
Sand + Charcoal 23.5 21. 7-26.0 8.31 8.18-8.49 7.60 7.20-8.01 155.6 132-170 
Filtered 
Sand Filtered 23.6 21. 7-26.0 8.25 8.16-8.32 7.13 6.30-7.70 159.6 130-176 
Raw River Water 23.7 21.9-26.0 8.25 8:09-8.35 6.52 5.61-7.62 160.0 128-176 
Illinois River Conditions 25.5 22.8-28.8 8.12 7.75-8.27 6.08 3.59-7.58 156.6 122-176 
W
 
I-'
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Clam Mortality. There were no significant differences in mortality between 
clams maintained in well water and in raw river water or treated river water 
(Figure 7, Table 7). 
Clam Growth. Clams maintained in raw river water and sand-filtered water 
grew significantly more than clams exposed to other treatments (Figure 7, Table 
7). 
Clams maintained in well water did not grow at all (Table 6)! Laughlin et 
al. (1981) report a phenomenon called hormesis, where animals exposed to 
sublethal stress grow more than unstressed animals. The stress evidently 
triggers hormonal and neuronal responses which activate defensive mechanisms 
against the stress. The increased hormonal/neuronal activity increases growth 
as a side effect. Amore likely explanation for the lack of growth in clams in 
well water during our experiments, in contrast to the rapid growth in raw river 
water, is a lack of food. The clams were kept in Mississippi River silt which 
may have lost its nutritive value for clams after two weeks of storage at room 
temperature, as explained above. In addition, there were probably not enough 
algae added to the test chambers (50 ml of algal suspension added by pipette 
twice each day) for the clams to feed upon. The clams in raw river water 
received a constant influx of silt, organic detritus, and microorganisms, which 
they undoubtedly fed upon. Toxic materials were either not present in the river 
water and sediment from 26 June to 7 Auqust 1979, or toxic effects could not be 
detected because the clams in the clean well water and treated well water were 
starving, while clams in river water were receivino food. Another indication 
that lack of food limited the growth of the clams during bioassay number 1 is 
the fact that clam growth was inversely proportional to the amount of filtration 
of the river water. We observed that some fine sediment passed through the sand 
filter into the test chambers. Less sediment entered test chambers which 
received water passed through two filters (sand + clino or sand + charcoal). 
The more filtration, the less food the clams received from the river water. 
33DELETION BIOASSAY 1 
6.0 2 WEEK 
5.5 
+100 
+90 
2 WEEK 
+70 
+50 
>­l­
-l 
c::r: 
I­
0:: 
0 
:;;:: 
I­
z 
I.l.J 
U 
0:: 
I.l.J 
0­
+30 
+10 
0 
-10 
I I I 1 I U) 0:: I.l.J I-I.l.J 
:;;:: 
-l 
-l
-:;;:: 
I 
:x: 
I­
<..!:> 
z 
I.l.J 
-l 
Z
c::r: 
I.l.J 
:;;:: 
+100 4 WEEK 
+90 
+70 
+50 
+30 
+10 I I I I I 
0 
-10 
WELL 
WATER 
RAWSAND-F ILTERED 
RIVER WATERCARBON-
FILTERED 
SAND-FILTERED SAND­
+CLl NOPTI LOll TE- FILTERED 
FILTERED 
TEST COND ITI ONS 
5.0 
4.5 
4.0 
3.5 
3.0 
2.5 
I 
2.0 
10.0 
9. 
8.0 
7.0 
6.0 
5.0 
4.0 
3.0 
2.0 
~ 
WELL 
WATER 
! 
J 
I I 
4 WEEK 
I 
I 
I
 
SAND-FI LTERED+ 
CARBON-
FILTERED 
RAW 
RIVER WATER 
SAND-FILTERED SAND­
+cLINOPTILOLITE- FILTERED 
FI LTERED 
TEST CONDITIONS 
Figure 7. Results of Deletion Bioassay 1. Mortal ity is shown on the 
left and growth on the right. 
TABLE 7
 
Results of Deletion Bioassay No. 1
 
No. 
Ali ve 
No. 
Missing 
Mean 
She 11 
Length 
(mrn) Variance 
Stand ard 
Deviation 
Range 
(mm) 
Mean 
Growth 
Increment 
(rnm) 
Initial 
Control l 
Sand-C 1in02 
Sand-Char3 
Sand4 
Raw5 
40 
40 
40 
40 
4U 
-­
-­
-­
-­
-­
2.7 
2.7 
2.7 
2.7 
C. • 7 
0.03 
0.02 
0.03 
0.02 
0.02 
0.16 
o. 15 
o. 16 
O. 15 
0.15 
2.4-3.0 
2.4-2.9 
2.4-3.0 
2.4-3.0 
2.4-3.0 
2 Weeks 
Control 
Sand-Cl ino 
Sand-Ch ar 
Sand 
Raw 
34 
31 
34 
29 
33 
1 
2 
1 
4 
3 
2.7 
3.0 
2.9 
3.4 
4.6 
0.03 
0.09 
0.04 
0.29 
1.58 
O. 18 
0.29 
0.21 
0.54 
1. 26 
2.4-3.0 
2.4-4.0 
2.5-3.2 
2.8-5.0 
2.5-6.5 
0.3 
0.2 
0.7 
1.9 
4 Weeks 
Control 
Sand-C 1i no. 
Sand-Ch ar 
Sand 
Ravi 
31 
24 
28 
21 
24 
U 
2 
2 
7 
2 
C. • / 
3.2 
3.0 
4.2 
8.2 
U.03 
0.15 
0.06 
0.52 
O. 15 
0.17 
0.38 
0.25 
0.72 
0.38 
2.4-3.0 
2.7-4.2 
2.5-3.6 
2.8-5.6 
2.7-4.2 
0.2 
O. 1 
0.8 
3.6 
lwell water 
2r iver water, filtered through sand 
3r iver water, filtered through sand 
4r iver water, filtered throuqh sand 
5raw Illinois River water an~ silt 
and 
and 
clinoptilolite 
charcoal 
w 
+'­
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Deletion Bioassay Number 2 
The automatic feeding system was installed prior to the start of deletion 
bioassay number 2 on 3 April 1980. The mean numbers of algal colonies (a colony 
was defined as two or more algal cells) per ml of suspension delivered to the 
test chambers during bioassay number 2 were: 
4 April 3032 
16 April 3666 
18 April 9197 
24 April 324 
7 Hay 2294 
14 Hay 2909 
One hundred ml of algal suspension was delivered to each test chamber every 
5 minutes. The concentrations of algae delivered to the test aquaria during 
deletion bioassay number 2 are of the same order of magnitude as the total green 
algae (Chlorophyta) numbers found in Keokuk Pool, ltississippi River, by Gale and 
Lowe (1971:508). 
Water chemistry and temperature in the test chambers during bioassay 2 are 
reported in Table 8. 
Clam Mortality. Clams exposed to raw Illinois River water during deletion 
bioassay number 2 suffered significantly greater mortality than all other groups 
after 2 weeks and 4 weeks of exposure (Table 9, Figure 8). After 6 weeks, clams 
exposed to Illinois River water had significantly greater mortality than all 
groups except those clams exposed to sand-filtered Illinois River water (Figure 
9). The control group of clams, exposed to unchlorinated well water, had the 
lowest mortality after 4 weeks and 6 weeks (Figure 9). 
Clam Growth. Although mortality of fingernail clams exposed to raw river 
water was high, growth of the survivors after 2 weeks and 4 weeks of exposure 
was only slightly worse than clams in treated water and after 6 weeks, 
comparable to the clams in treated water (Table 8, Figure 8). Clams in clean 
Water Chemistry and 
TABLE 8 
Temperature During Deletion Bioassay No. 2 
Test 
Conditions 
Control (well water) 
Sand + Clinoptilolite 
Filtered 
Sand + Charcoal 
Filtered 
Sand Filtered 
Raw River Water 
Temperature (C) 
Mean Range 
22.1 20.5-23.2 
22.3 20.8-23.3 
22.3 20.9-23.2 
22.5 21.0-23.5 
21.5 20.8-22.9 
Mean 
8.09 
8.27 
8.25 
8.22 
8.27 
pH 
Range 
7.73-8.22 
8.11-8.59 
8.11-8.41 
8.02-8.40 
8.05-8.48 
Dissolved Oxygen 
(Mg/l) 
Hean Range 
8.62 7.77-9.22 
8.23 7.70-8.90 
8.33 8.0 -8.72 
8.23 7.48-8.95 
8.11 7.11-9.00 
._-------
To tal Al kal in i ty 
(Mg 11 as CaCo 3) 
Mean Range 
176.7 154-216 
173.1 160-190 
172.0 148-194 
174.9 156-198 
174.9 154-194 
Illinois River Conditions 18.5 8.4 -20.2 8.39 8.14-8.81 9.85 6.8-14.1 171.4 158-186 
w 
(J\ 
TABLE 9
 
Results of Del et ion Bioassay No. 2
 
No. 
Alive 
No. 
Missing 
Mean 
She 11 
Length 
(mm) Variance 
St and ard 
Oeviation 
Range 
(mm) 
Mean 
Growth 
Increment 
(mm) 
Initial 
Cantrall 
Sand-C 1i n~2 
Sand-Char 
Sand4 
Raw5 
40 
40 
40 
40 
40 
-­
-­
-­
-­
-­
2.6 
2.6 
2.6 
2.6 
2.6 
0.02 
0.02 
0.02 
0.02 
0.02 
O. 15 
0.14 
O. 13 
0.13 
0.13 
2.4-2.9 
2.4-2.9 
2.4-3.0 
2.4-2.9 
2.4-2.9 
2 Weeks 
Control 
Sand-C I ina 
Sand-Ch ar 
Sand 
Raw 
37 
3b 
38 
36 
23 
1 
0 
0 
0 
0 
2.7 
3.6 
3.6 
3.7 
3.2 
0.02 
0.24 
0.20 
0.23 
1. 15 
O. 15 
0.49 
0.45 
0.48 
1.38 
2.5-3.0 
2.5-4.3 
2.7-4.3 
2.6-4.4 
2.7-4.0 
O. 1 
1.0 
1.0 
1.1 
0.6 
4 Weeks
--
Control 
Sand-Clino 
Sand-Ch ar 
Sand 
Raw 
34 
33 
31 
34 
17 
1 
0 
0 
0 
a 
2.8 
4.0 
4.0 
4. I 
3.7 
0.02 
0.35 
0.44 
0.43 
0.37 
O. 15 
0.59 
0.67 
0.66 
0.60 
2.5-3.0 
2.7-4.8 
2.5-5.0 
2.7-4.9 
2.8-4.6 
O. 1 
0.4 
0.4 
0.4 
0.5 
W 
'-J 
TABLE 9 (concluded) 
Results of Deletion Bioassay No. 2 
No. 
Alive 
No. 
Hissing 
Hean 
Shell 
Length 
(mm) Variance 
------------.-
Standard 
Deviation 
Range 
(mm) 
Hean 
Growth 
Increment 
(mm) 
6 Weeks 
Control 
Sand-Clino 
Sand-Char 
Sand 
Ra\-l 
29 
30 
29 
21 
15 
0 
0 
0 
0 
0 
2.8 
4.4 
4.1 
4.8 
4.3 
0.02 
0.32 
0.30 
0.63 
0.62 
0.14 
0.56 
0.55 
0.79 
0.79 
2.5-3.0 
3.6-5.4 
3.1-5.1 
2.9-6.0 
2.9-5.6 
0.4 
0.1 
0.7 
0.6 
Iwel1 water 
2r iver water, filtered through sand and c1inoptilolite 
3r iver water, filtered through sand and charcoal 
4r iver water, filtered through sand 
5raw Illinois River water and silt 
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Figure 8. Results of Deletion Bioassay 2. Mortality is shown on the left 
and growth on the right. aMean length may have been biased by size-­
selective mortality, see text page 16. 
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well water showed the poorest growth of all, so lack of food may still have been 
affecting the control clams despite automatic feeding of algae. Sediments 
continuously accumulated in test chambers receiving raw river water as well as 
in chambers receiving filtered river water, but no additional sediment 
accumulated in the well water control. As mentioned above, the food value of 
the Mississippi silt which was added at 2-week intervals may have been depleted 
during storage. 
Deletion Bioassay Number 3 
Deletion bioassay number 3 started on 24 September 1980, using clams from 
stock 14. The mean numbers of algal colonies per ml of suspension delivered to 
the test chambers during bioassay number 3 were: 
7 October 1520 
13 October 1618 
20 October 1704 
27 October 2069 
3 November 1948 
Water chemistry and temperature in the test chambers are reported in Table 
10. TIle total ammonia nitrogen concentrations (mg/l) for river water obtained 
by the phenate method at the Havana Laboratory were generally less than obtained 
by the Technicon CSH-6 in the Analytical Laboratory at Champaign-Urbana (right 
two columns below). Concentrations in the well water control and treated water 
were generally greater by the phenate method than by the Technicon method. TIle 
phenate results are more accurate because they were obtained on fresh, rather 
than stored samples, and were therefore used to compute un-ionized ammonia 
concentrations. 
Control Sand-Clino Sand-Char Sand Raw 11 R 
24 Oct 1980 
Phenate .05 .12 • 07 .08 .20 .14 
CSi-l-6 .03 .06 .05 .09 .21 .21 
5 Nov 1980 
Phenate .05 .05 .07 .21 .24 .05 
CS:1-6 .02 .08 .03 .08 .67 .12 
41 
Clam Mortality. TIlere were no significant differences in mortality between 
groups of clams after 2 weeks of exposure (Figure 9 and Table 11). After 4 
weeks, clams exposed to raw Illinois lliver water suffered significantly greater 
mortality (40%) than all but the control group (13%). By 6 weeks, the mortality 
of 69% in the group exposed to raw river water was significantly greater than 
all other groups (Figure 9 and Table 11). 
Clam Growth. Clams exposed to raw Illinois River water in deletion 
bioassays 1 and 2 had growth rates equal to, or better than, clams in treated 
water. However, growth of clams in raw river water in deletion bioassay number 
3 was less than half that of clams in treated water. Tne detrimental effects of 
the unidentified toxicants in the Illinois River water evidently overwhelmed the 
beneficial effects of the particulate food available in the unfiltered water. 
As in the previous deletion bioassays, the control group of clams failed to 
grow, despite supplemental feeding of algae and replenishment of sediment. 
~10NIA ADDITION BIOASSAY 
The bioassay started on 7 November 1980 with clams from stock 15. Hean 
numbers of algal colonies delivered to the test aquaria by the automatic feeding 
system were: 
12 November 1989 
18 November 2270 
24 November 2268 
1 December 1844 
8 December 1300 
15 December 1509 
Water chemistry and temperature during the ammonia addition bioassay are 
shown in Table 12. In the three lowest un-ionized ammonia concentrations, the 
ranges generally overlapped with the next higher and next lower concentrations, 
because of the difficulty in controlling pH and nitrifying bacteria, mentioned 
TABLE 10
 
Water Chemistry and Temperature During Deletion Bioassay No. 3
 
Dissolved Oxygen Total Alkalinity Un-ionized A'11monia 
Test Temperature (C) pH (Hg/l) (Mg/1 as CaCo3) (Hg /1 as NHr~j) 
Conditions Mean Range Mean Range Mean Range Hean Range Mean Range 
Contr~l (well water) 20.8 19.9-21.5 8.02 7.72-8.20 8.44 7.55-9.09 226 204-255 0.06 0.03-0.08 
Sand + C1inoptilo1ite 21.5 20.5-22.7 8.29 7.72-8.53 8.28 6.42-8.81 214 204-220 0.10 0.07-0.21 
Filtred 
Sand + Charcoal 21.4 20.4-22.6 8.23 7.61-8.42 8.29 7.14-8.90 216 209-223 0.11 0.05-0.20 
Filtered 
Sand Filtered 21.4 18.0-22.6 8.23 7.62-8.51 7.96 5.79-3.61 216 210-219 0.12 0.07-0.27 
Raw River Wa ter 20.9 18.0-22.6 8.28 7.63-8.52 7.86 4.59-9.09 219 214-223 0.13 0.06-0.2!+ 
Illinois River Conditions 14.3 9.0-19.3 8.48 8.21-8.78 9.46 7.51-12.5 217 211-223 0.01 0.004-0.0: 
.j::­
N 
TABLE 11
 
Results of Deletion Bioassay No. 3
 
No. 
Alive 
No. 
Missing 
-
Mean 
Sheil 
Length 
(nun) Variance 
Standard 
Deviation 
Range 
(nun) 
Mean 
Growth 
Increment 
(mm) 
INITIAL
---
ContraIl 
Sand-Clino 2 
Sand-Char 3 
Sand 4 
RawS 
40 
40 
40 
40 
40 
-­
-­
-­
-­
-­
2.0 
2.0 
2.0 
2.0 
2.0 
0.01 
0.19 
0.01 
0.01 
0.00 
0.09 
0.43 
0.09 
0.09 
0.05 
1. 9-2. 2 
1. 8-2. 2 
1. 8-2. 2 
1.8-2.2 
1. 9-2.1 
2 WEEKS 
Control 
Sand-Clino 
Sand-Char 
Sand 
Raw 
39 
37 
37 
34 
40 
-­
-­
-­
-­
-­
2.2 
3.4 
3.3 
4.0 
2.3 
0.02 
0.28 
0.28 
0.64 
0.03 
0.15 
0.53 
0.52 
0.80 
0.16 
1.9-2.5 
2.0-4.1 
2.0-4.3 
2.0-5.3 
1.9-2.6 
0.2 
1.4 
1.3 
2.0 
0.3 
4 WEEKS 
Control 
Sand-Clino 
Sand-Char 
Sand 
Raw 
34 
37 
37 
34 
26 
1 
-­
-­
-­
-­
2.3 
5.3 
4.3 
5.9 
3.0 
0.02 
1.20 
0.64 
1.72 
0.21 
0.14 
1.10 
0.80 
1. .31 
0.46 
2.0-2.5 
2.9-6.9 
2.5-6.2 
2.8-9.0 
2.0-3.5 
0.1 
1.9 
1.0 
1.9 
0.7 
+:-­
w 
TABLE 11 (concluded) 
Results of Deletion Bioassay No. 3 
_._--
Hean Nean 
Shell Gro\.th 
No. No. Length Standard Range Increment 
Alive Hissing (mm) Variance Deviation (nun) (nun) 
6 hlEEKS 
Control 30 -­ 2.3 0.02 0.14 2.0-2.5 
Sand-Clino 35 1 6.2 2.61 1. 61 3.0-8.3 0.9 
Sand-Char 37 -­ 5.5 2.5 1. 59 3.3-8.6 1.2 
Sand 34 -­ 6.6 1.29 1.14 3.8-9.2 0.7 
Raw 12 1 3.4 0.32 0.56 2.0-3.9 0.4 
l\-Je 11 water. 
2River water, filtered through sand and clinopilolite. 
3River water, filtered through sand and charcoal. 
4Ri ver i.ater, filtered through sand. 
5Raw III inois River water and silt. 
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Figure 9. Results of Deletion Bioassay 3. Mortality showr. on the left, growth 
on the right. aMean length may have been biased by size--selective 
mortality, see text page 16. 
46 
earlier. The means, however, were significantly different. i-1oreover, the 
concentrations varied together, so that as bacteria built up in the test 
chambers, all concentrations declined and retained their relative rank. 
Clam Hortality 
There were no significant differences in mortality between test gruops 
until 4 weeks of exposure, when clams exposed to 0.19 and 0.52 mg/l un-ionized 
ammonia suffered 36% and 23% mortality, respectively (Figure 10) After six 
weeks, mortality was significant in all concentrations except .03 mg/l. The 
next highest concentration, .06 mg/l, caused 47% mortality (Table 13). 
Clam Growth 
Because of feeding problems mentioned earlier, growth in all test chambers 
was poor, but no growth at all occurred in: (1) the two highest un-ionized 
ammonia concentrations after two weeks, (2) the four highest concentrations and 
the control after four weeks, and (3) all test chambers other than the control 
after six weeks (Table 13). Shell length data were not analyzed further because 
mortality drastically reduced the sample size and may have been size selective. 
UN-IONIZED M~10NIA LEVELS IN THE ILLINOIS RIVER 
Un-ionized ammonia levels (NH3-N) in the Illinois River at Havana and 
five water quality monitoring stations upstream from Havana varied erratically 
from 1978 to 1980 (Figures 11 and 12). In 1978-79, levels at Hennepin and Lacon 
exceeded the concentration of .06 mg/l NH3-N that was lethal to fingernail 
clams in six weeks in our ammonia addition bioassay. In 1979-80, lethal levels 
occurred at i1arseilles, Hennepin, Lacon, and Pekin. 
The Illinois Environmental Protection A3ency takes \.;rater quality samples at 
intervals of approximately one lilonth. Since the un-ionized concentrations 
fluctuate so drastically, it is virtually impossible to- determine whether the 
TABLE 12
 
Water Chemistry and Temperature During Addition Bioassay
 
Ranges are given below means.
 
Dissolved Oxygen Total Alkalinity Un-ionized Ammonia Free CO2 
Test Temperature (C) pH (Mg/l) (Mg /1 as CaCo 3) (Mg/1 as NHrN) (mg/1) 
Chamber Mean Mean Mean Mean Mean Mean 
--
I 21. 7 7.85 8.42 205 0.01 5.21 
(Contro 1) 20.4-22.6 7.75-7.91 7.98-9.1 191-212 0.00-0.02 4.98-6.45 
2 21. 8 7.84 7.14 204 0.03 5.61 
21.0-22.5 7.67-7.89 6.45-8.19 188-212 0.01-0.06 4.59-6.33 
3 21. 7 7.75 6.70 203 0.06 6.32 
20.8-22.5 7.61-7.88 5.20-8.01 188-212 o.04-'0.1l 5.18-7.92 
4 21. 9 7.75 6.38 203 0.08 6. .5 3 
21.1-22.6 7.61-7.88 5.01-7.70 187-212 0.06-0.11 5.03-7.84 
5 21. 9 7.76 6.56 204 0.19 6.60 
21.1-22.7 7.60-7.89 5.09-7.77 188-216 0.12-0.25 3.10-7.99 
6 21. 8 7.81 6.41 204 0.52 5.60 
20.7-22.5 7.63-8.09 5.15-8.00 193-209 0.27-0.74 3.30-7.82 
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Figure 10. Results of Ammonia Addition Bioassay. 
TABLE 13 
Results of Ammonia Addition Bioassay 
INITIAL 
C).Ol a 
0.03b 
O. 06b 
O. 08b 
a.19b 
0.52b 
2 WEEKS 
0.01 
0.03 
0.06 
C),08 
0.19 
0.52 
4 "lEEKS 
-­
0.01 
0.03 
0.06 
0.08 
0.19 
0.52 
No. 
Alive 
40 
40 
40 
40 
40 
40 
39 
40 
37 
40 
39 
40 
39 
36 
34 
34 
25 
31 
No. 
Missing 
-­
-­
-­
-­
-­
-­
1 
-­
-­
-­
-­
-­
-­
-­
-­
1 
1 
--
Mean 
Shell 
Length 
(mm) 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.2 
2.1 
2.1 
2.1 
2.0 
2.0 
2.2 
2.2 
2.1 
2.1 
2.1 
2.1 
Variance 
0.01 
0.01 
0.04 
0.01 
0.01 
0.01 
0.03 
0.03 
0.02 
0.01 
0.02 
0.02 
0.02 
0.02 
0.02 
0.01 
O. 02 
0.01 
Standard 
Deviation 
0.12 
0.11 
0.20 
0.11 
0.09 
0.11 
0.17 
0.16 
0.14 
0.11 
0.12 
0.12 
0.18 
0.15 
0.14 
0.12 
0.12 
0.12 
Range 
(mm) 
1.8-2.3 
1. 8-2. 2 
1.8-2.2 
1. 8-2. 2 
1. 8-2.1 
1.7-2.1 
1.9-2.6 
1. 8-2.5 
1.8-2.3 
1.8-2.3 
1. 8-2.3 
1. 8-2. 3 
1.9-2.6 
1.9-2.5 
1. 9-2. 4 
1.8-2.3 
1.8-2.4 
1. 9- 2.3 
Mean 
Growth 
Increment 
(mm) 
0.2 
0.1 
0.1 
0.1 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.2 
0.5 ~ \0 
--
6 HEEtzS 
0.01 
0.03 
0.06 
0.08 
0.19 
0.52 
a\Jell water control, 
bHean concentrations 
TARLE 13 (concluded)
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No. 
Alive 
1\10. 
Missing 
Mean 
Shell 
Length 
(mm) Variance 
36 
32 
20 
14 
7 
7 
-­
-­
2 
-­
-­
-­
2.3 
2.2 
2.1 
'l.1 
2.0 
2.0 
0.03 
0.02 
O. 02 
0.01 
0.01 
0.01 
no 
in 
added arrunonia. 
test chamhers, NH3-N, mg/l. 
Standard
 
Deviation
 
0.17 
0.15 
0.14 
0.10 
0.10 
0.08 
Range 
(uLm) 
2.0-2.6 
1. 9-2.5 
1.9-2.4 
1. 9-2.3 
1.9-2.2 
2.0-2.2 
Hean 
Growth 
Increment 
(mm) 
0.1 
0.0 
0.0 
0.0 
-0.1 
-0.1 
V1 
o 
51 
concentrations occurred for a few hours, when the samples happened to be taken, 
or whether they persisted several weeks, which would have been long enough to 
kill fingernail clams. It is also possible that peaks in un-ionized ammonia 
concentrations were missed. Based on the monthly water quality samples, it does 
not appear that un-ionized ammonia reached lethal levels at Havana during the 
deletion bioassays, when clams were exposed to raw river water pumped into the 
lab (Figures 11 and 12). 
UN-IONIZED AMrr10NIA LEVELS IN THE MISSISSIPPI RIVER 
Both mean and peak un-ionized ammonia levels in Pool 19 of the Mississippi 
apparently have increased since 1973 (Figure 13). No values greater than .06 
mg/1 were recorded from June to December, 1973, but during the same period in 
1976, a peak of 0.198 mg/l occurred in June (Figure 13). Sparks (1980) reported 
a drastic decline in the fingernail clam populations of the Pool in 1976-77, 
followed by a recovery in 1978. The decline may be related to the high 
un-ionized ammonia levels and to other factors such as lowered dissolved oxygen 
levels and an increase in the body burden of PCBs in the clams (Sparks, 1980). 
In 1980, a peak value of almost 0.09 mg/l was recorded (Figure 13). 
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DISCUSSION 
The ammonia addition bioassay showed that an un-ionized ammonia 
concentration of .06 mg/l killed approximately half the clams exposed for six 
weeks. Anderson et al. (1978) found that .34 mg/l un-ionized ammonia 
significantly reduced the growth of fingernail clams, and .59 mg/l significantly 
reduced survival, after six weeks of exposure. The lethal level in our 
experiments may have been lower because the mean oxygen tension in our test 
chambers was 80.3% of saturation compared to 84.4% in the tests of Anderson et 
al. (1978), and because our stock of clams may have been sensitized by previous 
exposure to ammonia in the Mississippi River. Anderson et ale (1978:63 and 
69-74) showed that the gills of fingernail clams become more sensitive to 
ammonia as the oxygen content of the water decreases and that gills are 
sensitized by previous exposure to sublethal levels of ammonia. Moreover, the 
two effects interact: low oxygen concentrations have greater inhibitory effect 
on gills previously exposed to ammonia (Anderson et al., 1978:73). Figure 13 
shows that un-ionized ammonia concentrations in the Mississippi River generally 
were high in the spring of 1980. Stock 15, used in the ammonia addition 
bioassay, was collected in the fall of 1980. Anderson et ale (1978) collected 
their stock from the Mississippi River in 1975, according to their laboratory 
notebooks which are on file in the River Research Laboratory at Havana. 
TIle difference in the mortality patterns during the three deletion 
bioassays indicates that toxicity in the Illinois River varies with time, and 
perhaps with water levels (Figure 6). The level of the Illinois River was high 
and rising during the first 2 weeks of bioassay 2 when 42.5% of the clams died 
(Figure 8). TIle river level was low or falling during" the first 2 weeks of 
tests I and 3 when mortalities were low, 10.8% and 0%, respectively (Figures 7 
and 9). 
Another factor, besides flow, which varied during the bioassays was pH. 
The pH levels in the river are normally less than 8.0, but both our laboratory 
and the laboratories of the Illinois Power Company stations at Havana and 
Hennepin recorded pH values above 8.0 for approximately 10 days during bioassay 
2, reaching highs of 8.8 on the 21st day of the bioassay (24 April 1980) and 8.5 
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on the 35th day (8 r~y 1980). While these pH levels probably did not have a 
direct effect on the clams, they might well have had an indirect effect, by 
increasing the percentage of ammonia vlhich exists in the toxic un-ionized form 
(Thurston et aL, 1979). Unfortunately, we did not monitor ammonia during this 
bioassay and the monthly samples taken by the Illinois Environmental Protection 
Agency happened to bracket, rather than include the high pH episode. However, 
if one assumes that the total ammonia values of .50 mg/1 obtained by IEPA on 
both 15 April and 7 fuy 1980 persisted during the pH episode, then the 
un-ionized ammonia would have ranged from .024 to .085 mg/l NH3-N, with the 
maximum well above the lethal level of .06 mg/1. 
The fact that clams surviving in raw Illinois River water in deletion 
bioassays 1 and 2 grew well (Figures 7 and 8) indicates that whatever is 
affecting the fingernail clams in the Illinois River, and preventing 
recolonization of the river by clams from tributary streams, is acting directly 
on the clams and not indirectly, by affecting their food supply. 
Treatment of raw Illinois River water by filtration through various media 
improved the survival of fingernail clams in bioassay 2, and both survival and 
growth of fingernail clams in bioassay 3. The degree of improvement in clam 
survival was about the same in all three treatments in bioassay 3. In bioassay 
2, treatment with sand and carbon or clinopti1olite improved survival over 
treatment with a sand filter alone. At least two explanations of these latter 
results are possible. One explanation is that the toxicity is associated with 
sediment, and the additional treatments reduced toxicity by filtering out more 
sediment than the sand filter alone. The second explanation is that all three 
types of filtration system were colonized by nitrifying bacteria which occur 
naturally in river water and convert toxic ammonia to relatively non-toxic 
nitrate. Hence, all filters, including the sand filter, removed toxicity by a 
biological process, rather than a physical or chemical process, and the 
additional filtration through carbon or clino simply allowed more contact time 
with the nitrifying bacteria. The fact that mortality in the sand-filtered 
water rose dramatically between the fourth and sixth week in bioassay number 2, 
while mortalities Ln the other two treatments rose only slightly, lends credence 
to the second explanation. It was during this period that the pH levels in the 
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river rose and may have increased the un-ionized ammonia concentrations. The 
sediment removal hypothesis seems less satisfactory, because water levels, and 
presumably, suspended sediment loads, were declining during the 4th-6th week of 
the bioassay (Figure 6). The reason why all three treatments were equally 
effec·tive in improving clam survival in bioassay 3, but not in bioassay 2, is 
unknown, but the results may indicate that different factors were producing 
toxicity in the two bioassays. The major toxicant in bioassay 3 may have been 
removed effectively by sand filtration alone. The fact that clams surviving in 
untreated river water grew well in bioassay 2, but not in 3, also suggests a 
different toxicant or different mode of action. More deletion bioassays with 
chemical measurements of the water as it passes through the various treatments 
would have to be conducted before these explanations can be further evaluated. 
Butts et al. (1975) found that the average ammonia-nitrogen load on the 
upper Illinois Waterway at Lockport during 1971 was 107,000 lbs/day, and that 
this agreed closely with the total of 106,800 lbs/day estimated to come from 
three Chicago sewage plants and the Grand Calumet River. The oxidation of all 
this ammonia to nitrate would require 489,000 lbs of oxygen per day from the 
river (Butts et al., 1975). This ammonia load thus placed aquatic life in the 
river in double jeopardy: in the un-ionized form it was toxic, and it 
contributed to low oxygen levels, which added to the stress. 
The General Ilater Quality Standards for Illinois (Illinois Pollution 
Control Board, 1976), which are intended to protect the State's water for 
aquatic life, contain two standards which apply to ammonia. The first states 
that the total ammonia-nitrogen concentration shall not exceed 1.5 mg/l. The 
second states, "Any substance toxic to aquatic life shall not exceed one-tenth 
of the 48-hour median tolerance limit for native fish or essential fish food 
organisms. These standards were adopted 7 March 1972 and became effective 7 
April 1972. However, Butts et al. (1975) found total ammonia-nitrogen 
concentrations well above 1.5 mg/l in the Illinois River in July, 1972, as far 
downstream as Peru, 90 miles below Chicago's largest sewage treatment plant. In 
1979-1980, total ammonia nitrogen concentrations at Harseilles, 70 miles below 
the plant, were still usually above 1.5 mg/l (U.S. Geological Survey, 1981). 
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Total ammonia nitrogen concentrations downstream from r~rseilles were generally 
below 1.5 mg/l until Pekin (U.S. Geological Survey, 1981) where there was 
probably a contribution of ammonia from Peoria sewage effluent. 
The median tolerance limit for un-ionized ammonia-nitrogen for three 
species of fish found in the Illinois River ranged from 0.40 to 3.0 mg/l 
(Roseboom and Richey, 1977). One-tenth of the lowest tolerance limit is 0.04 
mg/l, which is quite close to the value of 0.06 mg/l, which we found is lethal 
to fingernail clams. Lewis et al. (1981) reported that high variety fish 
communities were not found in reaches of 12 Illinois streams where un-ionized 
ammonia nitrogen exceeded 0.03 mg/l. Figures 11 and 12 show that un-ionized 
ammonia nitrogen in several reaches of the Illinois River regularly approached 
or exceeded these values. While ammonia may not be the sole contributor to 
toxicity in the Illinois River, it is clear that fingernail clams will not 
recolonize the river to their former level of abundance if ammonia 
concentrations remain this high. Even if the commercially important 
bottom-feeding fishes prove to be tolerant of ammonia themselves, the production 
and quality of these fish will likely remain low (Table 1 and Figures 1 and 2) 
until their food supplies become more abundant. 
Un-ionized ammonia concentrations have shown an ominous increase in Pool 19 
of the Mississippi River where fingernail clams are abundant and serve as a food 
supply for bottom-feeding fishes comprising one of the most productive 
commercial fisheries in the entire upper Hississippi River (Figure 13). In 
1973, the un-ionized ammonia levels were well below the lethal levels, but in 
the 1976-77 samples, when the peak numbers of fingernail clams declined by 80% 
(Sparks, 1980:53), the mean concentrations and the peaks of un-ionized ammonia 
were higher than in 1973, dissolved oxygen levels were lower, and some clams 
contained up to 1 part per million PCB's (Sparks, 1980:52 and 61). The combined 
effects of ammonia, dissolved oxygen, and body burdens of PCB's on the clams 
should be assessed. Although fingernai 1 clam populations recovered by 1978 when 
the drought broke and flows returned to normal (Sparks, 1980:68), the mean and 
peak un-ionized ammonia levels in the pool in 1980 were higher than in 1973. If 
flourishing populations of fingernail clams are to be Inaintained in the 
i'lississippi River, ammonia concentrations should not be allowed to increase. 
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